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PREFACE 



The material in this volume was developed by William L. Pickett, • 
Senior Educational Administration Specialist, for use ia a series of work- 
shops on institutional research and planning for colleges and universities. 
These workshops were designed to address real planning problems. Partici- 
pants were encouraged to collect and use data from their own institutions • 
As a result, participants not only learned research and planning techniques 
but also developed analyses which were iainediately useful to institutional 
decision makers • 

The workshop sessions made extensive use of computers. This was 
possible through the use of PIANTRAN, This is a computer simulation system, 
developed by Midwest Research Institute • It was designed to make the power 
of the computer available to the higher education executive without special 
computer knowledge. It, is in use by several dozen institutions of all 
levels and sizes. 

While the material in this manual exploits the capabilities of 
the PIAIJTRAN system, compiter processing is not required for use of the 
models. The techniques can all be implemented manually. 

Midwest Research Institute maintains copyrights on this material. 
No part of this manual may be reproduced in any form without the express 
written permission of Midwest Research Institute. 

Approved for: 

MIDWEST RESEARCH INSTITUTE 




John McKelvey, Vice President 
Economics and Management Science 
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I. Introduction 



This volume deals with three specific techniques of institution- 
al research and planning for colleges and universities: enrollment pro- 
jections, induced course load matrix, and faculty planning. Volume II of 
this series deals with facility planning, program cost analysis, and budget 
ing/finance. 

Each of these topics receives a seven-fold development as follows 

1. _Relation t c overall planning . Each technique is placed in 
a comprehensive scheme f oi planning. This enables the planner to under- 
stand what is required tc implement the technique as well as the use of 
the results. 

2. Theory . This is a general discussion of the topics which 
treats the assumptions and problems of each. 

3. Techniques . This is a brief review of the major techniques 
under each topic. This helps the planner to understand that there are 
usually several ways to approach a research/planning problem. The review 
includes criteria for the selection of the most appropriate technique. 

4. Micro-Model . One technique is selected and presented in 
detail. This section includes worksheets to implement the technique as 
well as descriptions of needed data elements and their probable sources.. 

5. Case study . The micro-model is applied to a set of realistic 
institutional data. This implementation is in the PLANTRAN system. Com- 
plete documentation of a PLMTRAN model is included. 

6. Data collection . In order to assist the planner in using 
each technique, this section includes a- data collection document along 
with instructions for its use. 

7. Model adaptation . This section discusses the reasons for 
changes in the model and the types of changes which will usually be encoun- 
tered. 

No matter how general it is, no single model is appropriate for 
every college and university. The models presented in this manual were 
designed to fit the typical situation. Obviously, each user of these tech- 
niques will have to modify them to insure their applicability to his insti- 
tution. In most cases the required changes will be minor and easily made. 
In a few, more basic structural changes may be required. 
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A (:,; Liege planner using this material she. ula always be conscious 
of the need I-; make the model fit his college rather than try to make the 
college fit t'v- model. He should '\(t hesitate to make changes in the 
structure of "'/r.e models, the metht-. -^ of calculation^ data definitions , re- 
port formats^ etc. It is only through this kind of flexibility that the 
techniques presented here can be useful to higher education. 



II. Enrollment Projections 



A . Relation to Overall Planning 

1. Role of enrollment projections ; College is an organization 
designed to provide educational services to students. The number and 

types of students are important in shaping the educational services provided 
by the college. Accurate projections of enrollments in colleges and uni- 
versities are the key to institutional planning. Projection of enrollment 
is analogous to sales forecasting for a manufacturing firm, i.e., from this 
one planning factor come many implications. Enrollments influence the 
number and type of faculty, curricular offerings, research and teaching 
laboratories, student activities, student housing, student health care, 
food services, academic facility construction, and many other elements 
of campus administration that must be carefully planned in advance of need. 

A collegers enrollment is the major determinant of both resource 
requirements and resource availability. Resource requirements are usually 
developed by the application of a variety of planning factors to enroll- 
ment. Both philosophically and analytically the main driving force be- 
hind a college's resource requirements is the demand-^ for services made 
by students. The number of students also has a major impact on the col- 
lege's income. This is clearly apparent in the case of a private college 
or university which is typically heavily dependent upon tuition income. 
Even in the public sector, however, a large portion of a university's income 
is tiea to students. An example is a state university which is funded with 
a formula based on dollars per full-time equivalent students. 

Figure displays the relationship between enrollment projections 
and the total planning effort. Anyone trying to develop long range plans 
for a college must give his first attention to projections of enrollment. 

2. Projections, estimates, goals ; In dealing with the future 
it is helpful to keep in mind the distinction between- three tenns : pro- 
jections, estimates, and goals. Projections are statements about future 
events on a long range basis. lypically they describe activities ovey multi- 
year periods and are not used as precise predictions of actual events but 

to indicate trends and long term developments. The central concern with 
projections, then, is the magnitude, direction and rate of change. An 
enrollment projection over five years which did not hit the exact figures 
but which did accurately describe the direction and pace of change would 
be considered a good projection. For example, if the projection shows 
the enrollmerft going down at a rapid rate, the administrator must take 
this into account in his planning for resource requirements and income. 
As one moves further out in ti^.e5 the amount of precision possible and its 
importance decline. As long as the projections are based on accurate 
trends, long range planning will be realistic. 

^ "Demand^' is used throughout this section in the economic sense of "the 
desire to purchase ccppled with the ability to do so." ^ 
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An estimate is a statement about short run futoL^e events. T:vn 1 - 
cally these will be montiAy forecasts. Since er:?:ollment does not si^^nlf ic:intly 
change frari month to months enrollment estimates are statements about 
next year's enrollment. In this case^ the administrator is much more inter- 
ested in the exact number of students since specific and critical decisions 
will follow from it. The more precise the estimate ^ the more precise the 
budget and staffing decisions can be. Trends, direction of change ; and 
pace of change are not the direct concern of estimates. 

Projections and estj.mates have different purposes and generally 
utilize different data in developing their forecasts. Since it is long 
run^ a projection viil be based on trend data from the past: numbers of 
students, percent of college attendance^ share of market, etc. Estimates 
result fran leading indicator researcli . What can the administrator look 
at in January vhich will give him a precise estimate of the number of 
students to be enrolled next fall? This kind of research looks at admis- 
sions and retention data: number of applications, enquiries^ acceptances^ 
deposits, pre-registrations, transcript requests, etc. 

Goals are statements of desired achievements. An administra- 
tor develops a plan to achieve his goal and implements that plan. He 
builds in analysis points along the way so that he can monitor the progress 
of the plan and make statements about the probability of achieving his 
goal. A goal can either be long run or short run. Often a goal is set 
after a projection or estimate has been made because the projected re- 
sults are unacceptable to r^.ecision makers. 

It is important to keep projections and goals separate particu- 
larly in enrollment projections. While a planner might like a certain 
enrollment by 1980, he should not use that as the basis for his operating 
budget if the long run trend indicates a substantially lower enrollment. 
At the minimum, he should be aware of the conflict between the two. 

B. Theory of Enrollment Projectiun 

Most enrollment projections assume that there is relative stabil- 
ity in the factors controlling enrollment. This stability rests on the 
interrelatedness of time periods. Some relationship betveen the enroll- 
ment this year and last year is assumed- This stability results in some 
predictability about" future events. 

Figure 2 displays a generalized model of enrollment projection. 
The projection results from four factors: demographic (essentially popu- 
lation), historic trends, policy constraints^ judgment. 
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1. Demog-raphy : The demographic information refers to the pool 
of students from which enrollment at a particular institution will come. 
It also includes socio-economic characteristics which will affect college 
attendance as well as the type oT educational service required. This informa- 
tion will vary from institution to institution. For one it might be 

births 18 years previous; for another number of high school seniors the 
previous year; for ar.other the number of baptisms in a particular religious 
denomination 18 years previous. These tend t^ be relatively hard data 
since the people who foxra the pool already exist and can generally be 
counted. Tne size and composition of the pool are the critical problem 
areas . 

2. Historic trends ; Historic trends relate to the number and 
rate of attendance of students in previous years. Past attendance can 
be viewed as a percentage of the pool or can be compared with the atten- 
dance in other years. This last method has serious shortcomings since it 
fails to relate enrollment to the basic demographic and population situa- 
tion. These trends can be subjected to a variety of statistical analyses 
to determine methods of future projection. 

3. Policy constraints ; Policy constraints can be major deter- 
minants of enrollment. For example, a college which has a limit on student 
capacity and which decides not to expand that capacity has placed a con- 
straint upon enrollment: an upper limit. Changes in fee and tuition 
policy, expansion into new student markets^ increase in student financial 
aid, changes in program offerings to appeal to more students, launching a 
new admissions effort, starting up a branch campus, on development of a low 
tuition institution nearby are all examples of the type of policy 
constraints which will have an impact on enrollment above and beyond the 
population and historic trends. 

4. Judgment ; The professional judgment of knowledgeable college 
administrators is a valuable input to an enrollment projection. A person 
who has a good "feel" for his institution can make contributions to any 
research program, including enrollment projections. Typically these inputs 
are in the fom of parameters. Such a person may react by saying that 

a certain projection is too low; another is too high. These types of 
judgment should be included in the projection. 

The result of this process is that the projection of a college's 
enrolljnent is not a pure research exercise. It is administrative problem 
solving and should make use of all available data and expertise. Most of 
all it should be open to the professional judgment of key decision makers 
and should produce output in a form and of a nature which can be effec- 
tively used by these decision makers. 
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5. Interrelationships ; A theory of enroll:ri^ nt projectirn muit 
also take into account the Interrelatedness of coller^s and universities. 
The enrollment of a low cost community college will affect the enrollment 
of four -year colleges in the same area. Increased recruiting by a college 
does not significantly increase the total number attending college, but 
it will increase that collegers share of those who attend. In other words, 
increased attendance at one college means decreased attendance somewhere 
else . 

C. Techniques of Enrollment Projection 

This section will review eight basic techniques of projecting 
enrollments.-^ These generalized techniques can be applied to any type 
of institution or groups of institutions and to any type of enrollment. 
The crucial task is the matching of projection methods with the objective 
of the projection effort. This requires the judgment of a knowledgeable 
administrator . 



1. Trend analysis; The most logical and simple model for projec- 
tion is to review the past behavior of the variable to determine if there 
are any stable trends and tu further determine if the underlying causes of 
this past behavior will continue in the future. If both of these conditions 
are met, a simple time series an.'alysis may be all that Is needed for the 
projection. For example, if freshman enrollment has been increasing 5 per- 
cent a year for the last 10 years and if it is reasonable to assume that 
things will be pretty much the same for the next 10 years, a 5 percent annual 
increase in the freshman class is a reasonable projection. 

The weakness of this approach is that the real world seldom 
conforms to this model. Such a condition may be true in a short run 
situation but rarely in the long run. The type of social, economic, and 
educational changes which have occurred in the United States in the last 
five years underscore the difficulty in justifying this type of approach. 

Even if more sophisticated, non-linear models are used, the 
growing discontinuity between past and future vitiate their usefulness. 
Most planners have an intuitive feeling about the determinants of enroll- 
ment: population, econcxnic conditions, cost, location, competition. They 
are also fairly confident that most of these factors will be changing 
through time and probably not according to past patterns of change. 

^ The discussion of the first five techniques draws frcxn a similar section 
in Methodology of Enrollment Projections for Colleges and Universities , 
by L.J, Llns (March, I960). 
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c\ Rsi: o ir.ethpd : Tr\is method concentrates on one determinant ot" 
enrollmeni: population. In essence it says that the enrollment cf a ccllofo 
can bj viewed as ci ririio oi* population px^ouping, The particul.ar froupinf 
will vary witl: ee^ch collefo. It hcs two parameters: age and geoc^'^-'phic ar-aa. 
For the typical collaroj the population ^rC'Uping will correspond to the normal 
college attendance age: 17 through 22 years of age. While this group 
does not account for ail students enrolled^ it will typically account for 
the vast majority. The geographic area will depend upon the college. 
A few universities draw from a national student pool; but most colleges 
and universities have a geographic region which produces most of their 
students. The area may be as small as a county in the case of a compiunity 
college or as large as an entire state in the case of a public university. 
The fact that commuting distance is a variable in choice of college means 
that most schools have a major drawing or market area. 

Once the age and the geographic area parameters have been deter- 
mined, counts of the population are developed and ccmpared with actual 
enrollment for the same time periods. The resulting ratio then becomes 
the basis for projecting future enrollments. The ratio can be subjected 
to A'-arious type^ of trend analysis to produce ratios for a future time 
series. This projected ratio is then applied to projections of population 
in the base grouping. The projected ratio Is subject to the application 
of judgement and may be modified for valid; non-statistical reasons. 

3. Cohort iiurvival ; This technique of enroHjnerit* projection 
uses a series of ratios to develop projections of enrollment on a g^/ade 
by grade basis. It follows a gror;T of students through the complete 
educational system and calculates the number that continue on each year. 
For example, the number of second graders is some ratio of Last yearns 
first graders. This year's third graders jire some ratio of last yearns 
second graders, and so on. The ratios are developed by analyzing past 
experience with grade to grade retention. Theoretically, this procedure^ 
can be followed through elementary, secondary, collegiate, and post- 
graduate education. In practice the entire series is rarely constructed 
for projection purposes because of the lack of good data and the large 
amount of data to be manipulated when they are available. 

4. Combined ratio and cohort survival : This technique combines 
the last two methods we have discussed. The ratio technique is used to 
project the size of the entering freshman class. The projections of the 
sophomore 5 junior, and senior classes utilize the cohort survival technique 
"by applyin^r ratios to last year's freshman class to produce this year's 
sophomore class; applying ratios to last year's sophomore class to produce 
this year's junior class, end so on. Graduate enrollments can be generated 
by defining the cohoit as the bachelor's degree recipients of the last 2 
years within a defined geographic area depending upon the present geographic 
composition of th.^ graduate enrollment. 
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5. Correlation analysis ; This is a mors sophisticated technique 
for determining statistically valid relationships between enrollment 
(dependent) and one or more causal factors (independent). This type of 
analysis is often a helpful addition to any of the other methods discussoci. 
To effectively use this technique^ the sample size needs to be relatively 
lar^-e and the data as accurate as possible- Often dote on the inderend^int 
variables are dii'ficult to accumulate in a form that lends itself to this 
analysis. One has the further problem of f orecastin-.: the independent 
variables which may require a substantial research eiTort. 



6. Share- of - the-market : This technique approaches the problem of 
projectinf enrollment in e fashion similar to that of a firm seeking to fore- 
cast sales. It is a two-step process of first determining the size of the 
market and then the individual firm's share of that market. For enrollment 
projections ;j the two steps are: first, to determine the number of students 
attending college under appropriate age and geographic parameters, and second, 
to determine what proportion of those will attend the individual college. 
This proportion will be changing through time and part of the projection 
problem is to forecast the collegers future share. This approach is 
displayed in figure 3. The population cohort, the propensity of college 
attendance, and the college's share determine the projected enrollment. 

The first step requires projections of the population cohort. 
This can be developed through births 18 years previously adjusted for mor- 
tality and migration (essentially the cohort survival method applied to 
age groups), twelfth grade enrollments, and projections based on census 
data often availabl3 from external sources. The first step also requires 
a deteniiin2Xtion of the proportion of the age cohort which is likely to 
attend college. This can be developed by a time series analysis, correla- 
tion analysis, and other techniques. It is often helpful to develop at- 
tendance rates for different sectors of higher education: ^junior college, 
private four-year, and tax supported colleges. The appropriate factors 
can be developed through a historic analysis. 

The second step involves the calculation of the expected share of 
students at the particular institution. Again historic analysis and judg- 
ment will provide the factors to be used. This can be applied against the 
total college attending group or more realistically against the specific 
market of the institution. Thus a junior college would determine its share 
of the total number attending junior colleges; a private college would 
determ.ine its share of the total projected to attend p^'ivate colleges. 
Since there are identifiable factors associated with each of these sectors, 
a discriminate approach is justified. 
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7. Fcrr-ed balancing : This technique can be used vith any of 
the above projection techniques but is most applicable to the share-of -the- 
market method. It is based on a recognition of the fact that the market 
for any one school is finite. The total number of people who will seek 
higher education is not significantly affected by the recruiting' and mar- 
keting efforts of individual colleges. Colleges can increase, maintain, 
or decrease their share of the total market but cannot expand or contract 
the market. Thiis means that a college can Increase its share of the market 
only at the expense of the other colleges competing in the same market. 

During the sixties this was not so apparent since the enroll- 
ment of all colleges was increasing. This* of course, was due to the rapid 
expansion of the total market, not^to the expansion of the share of all 
institutions • In fact it is now clear that one group, private colleges, 
was losing its share of the market while the public sector share was in- 
creasing. The rapid growth in the size of the market offset this reduction 
in market share of the private colleges . 

With this experience, the interrelationship between colleges 
must be recognized in enrollment projections. This is especially critical 
in forecasts of enrollment for groups of institutions, statewide enrollments, 

for example. A forced balancing routine ensures that changes in enrollment 
for individual colleges will not cause changes in the total size of the 
market. 

In mathematical notation we would say that 

C (^i ^ ^i) = TE 

when; TE - Total Enrollment for all of the class or group of institutions 
in question. This might be obtained, for example, from age population 
lation and propensity data. 

Ej_ = Enrollinent, college i 

A-j_ = Subjection, judgmental, quantitative 

adjustmBnts to the Enrollment estimates, college i. 

Then the final, adjusted enrollment estimate for college 
i would be calculated thus: 
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8. Disaggregation technic[ues ; Once gross enrollment projections 
have been made, the planner faces the problem of breaking down his total 
number into the various categories and levels required for further planning 
and decision making. The most straightforward nethod is to review tne past 
record of constituent elements. For example, if the planner needs to pro- 
ject the number of men and women in the total enrollment, he can analyze the 
past ratios and subject them to a trend analysis. This is another area in 
which a good deal of informed Judgment can be applied. The criteria for 
deciding whether to disaggregate enrollment and the degree to which this 
^should be done is the. use of this information in further planning and decision 
making. It is easy to spend a great deal of time producing a mass of infoi»- 
mation which is never really used. The time spent in accumulating that in- 
formation is thus not Justified. 

9. General considerations ; 

a. Objective of the projection ; The first decision in con- 
ducting a projection study is to determine its objective. While this might 
seem simple, it often is not. An objective of "forecasting future enroll- 
ments" is not specific enough to guide design decisions. The following 
types of questions need to be answered: 

— Over how long a period are the projections to be made? 

--What type of enrollment is to be projected; undergraduate, 
graduate, adult education, part-time, full-time? 

— To what level of detail should the projections go: sex, 
department, in-state, out-of-state, academic classifica- 
tion? 

— Under what policy constraints? 

— Who will receive the projections and how will they use 
them? 

Objectives stated. in this specific fashion will enable the 
planner to make better decisions on the type of projection technique to use, 
^ the level of disaggregation, and the amount of effort required. 

b. Judgment: The Judgment of knowledgeable individuals is 
a resource to be used in the projection. Initially professional Judgment 
is applied to the selection of the projection technique. Some methods are 
appropriate in some situations and inappropriate in others. The matching »of 
technique with the problem to be solved is an art which improves with exper- 
ience . 
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c. Ideal versus real : The design and objectives of a pro- 
jection study vill typically le ideal ones vhich will be difficult to imple- 
ment. The model might call for information which is not available or which 
will be very difficult and thus expansive to obtain. These ideal designs 
serve as guides for future developments and expansions of the study. Tne 
planner will usually have to do the best job he can vith the data he has 
available. The ideal procedure will highlight data gaps and stimulate a 
list of priorities for further work. 

d. Junij-r colleges : While the sample analysis is designed 
for a four-year college, the adaptations needed for an analysis of junior 
collerre enrollment are evident. The analysis of juniors and seniors vill 
be omitted and analyses of speical types of enrollment vill be added. 
These include adult education, vocational-technical, and other special 
purpose programs. Adult education enrollment can be viewed as a percentage 
of district population over compulsory school attendance age who are not 
full time students. 

Vocational-technical and other occupational programs often 
have maximums placed on enrollments or ere otherwise under policy constraints. 
Manpover planning can be applied to these areas more easily than to the 
traditional college programs. Projected needs for certain types of man- 
power can be translated into enrollments in appropriate programs. 

e. Graduate enrollment : Since the sample analysis is 
designed for undergraduate enrollments, modifications vill -have to be made 
to deal with graduate enrollments* Graduate education is not as free a 
market as undergraduate education* program, facility? and financial 
constraints lead to careful screening of applicants and enrollment lids* 
Often these policy constraints will make a projection unnecessary. 

If a projection is needed, it will proceed within the same 
framevork as undergraduate. A share-of-the-market methodology can be 
used. The population pool can be defined by three parameters: recip- 
ients of the bachelor's degree over X number of years within a defined 
geographic area; size of the market proportion of that grouping which 
takes graduate work; the individual institution "share" of that market. 



D. Micro-Model 

1. Enrollment analysis : Figure 4 presents the worksheets for 
conducting an analysis of past enrollments. By inserting the input data items 
and performing the indicated calculations^ a planner will generate an analysis 
of past enrollment behavior. This will enable him to better select methods 
of projecting future enrollments. Without this initial analysis, the 
planner will not know the exact shape and character of the data. 
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^' jLSEHi* acuual input elements are Lines 1, 2, 8^ 10 

17, 25, 31, 39, and 47. A descript:ion of these data elements and their prob- 
able sources follows: 



Line 1- Population pool : This is the population group- 
ing which contains those Individual most likely to attend post-secondary 
institutions. The exact dimensions of the pool vill necessarily vary. Two 
parameters must be considered: age and geographic location. The selection 
){' the parameters vill be based on the general characteristics of the college's 
enrollment. For example, if the planner knows that a high percentage of the 
freshman class are eighteen years old and also come from a single state, he 
will most logically select a population pool of all eighteen-year-olds in that 
state for each time period: 

The source of this type of information will vary with 
the dimensions of the pool. Age cohort data can be obtained from the U.S. 
Bureau of Census Reports- Number of births is usually available from the 
State Department of Vital Statistics. School enrollments by grade are gen- 
erally available from departments of public instruction but frequently do 
not include private school statistics. If time and money permit^ a planner 
can conduct a survey of feeder high schools to collect information on past 
enrollments . 

It is likely "that the ideal set of data needed for the 
analysis is not available. Rather than not conduct any analysis, the planner 
should proceed with the best information available under the assumption that 
some information is better than none. 

Line 2-Size of market : This is the number of individuals 
from the population pool who actually enrolled in institutions of higher 
education. While this can be viewed in gross terms as attendance at all 
colleges and universities^ the usual practice is to specify two parameters 
of geographic area and type of institution. 

State lines provide handy geographic divisions and data 
on enrollment are easily available in this form- Since the proportion of the 
student body attending different t;ypes of institutions is probably changing 
through time J it is more accurate to view the market in terms, of similar 
types of colleges rather than all colleges. The expansion of the community 
colleges is an enrollment factor t:hat should not be obscured by li:unping all 
institutions together . 
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Enrollment figures can usually be obtained from the pub- 
lications of the National Center for Educational Statistics, especially 
Opening Fall Enrollment , Important supplementary information is available 
from state education offices and commissions as well as various associations 
of colleges and univr>rsities . 

Line 8-time periods ; These are used to compute the 
moving averages and will correspond to the time periods being analyzed. 



Line 10-New freshmen : Typically these will be described 
as first-time-in college freshmen, i.e., freshmen vbo have not been previously 
enrolled. This information is available from the Registrar's Office. The 
question of how a planner defines "student" cannot really be answered. The 
planner should select either head count or full-time equivalent specifying 
the method of computing the latter. Once determined this definition should 
be used throughout so that the plan is internally consistent. 

Line 17-old freshmen; These are the freshmen who have 
been previously enrolled at the college. The information shoiiLd be avail- 
able from the Registrar's Office. 

Line 25-Sophomores : These are the sophomore students 
including transfer students. The institution's method of academic classi- 
fi'ation should be used so that the results approximate other information 
as closely as possible. These data should be obtained from the Registrar's 
Office. 

Line 51- Juniors: These are the junior students including 
transfers. The information will be available from the Registrar's Office. 

Line 59-Seniors : These are the senior students including 
transfer students. Information will be obtained from the Registrar's Office. 

Line 47-Special students : These are the undergraduate, 
students enrolled who do not fall into the other academic classifications. 
The definition of "special student" will vary from college to college. The 
planner should use the one recognized by his institution. The information 
should be available from the Registrar's Office. 
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Line 52- time periods : These are used to compute the 
moving averages and will correspond to the time periods being analyzed. 



b. Output ; The output of the enrollment analysis will pro- 
vide the planner with information on the following items: 

Propensity factor : Line 3 will display the calculated 
propensity factor for the time period analyzed. Line 9 will provide him 
with the average percent of change in the propensity factor through time. 

Share of the market: Line 11 will display the collegers 
share of its market in the form of a ratio of new freshmen to the size of 
the market. Line 16 will provide the average percentage of change in this 
ratio. 

Old freshmen ratio : Line 19 displays the ratio between 
this year's returning freshmen and the first-time- in-college freshmen of last 
year. Line 21 provides the average of that ratio. 

Sophomore ratio : Line 25 displays the ratio of this 
year's sophomores to last year's freshmen. Line 30 provides the average 
percentage change in that ratio. 

Junior ratio : Line 33 displays the ratio of this year's 
Juniors to last year's sophomores. Line 38 provides the average percent of 
change in that ratio. 

Senior ratio ; Line 41 presents the ratio between this 
year's seniors and 3a st year's Juniors. Line 46 provides the average percent 
of change in that ratio. 

Special student ratio : Line 4:9 presents the calculated 
ratio of special students to total enrollment. Line 51 provides the average 
of that ratio through the time frame. 

These analysis techniques are appropriate only to linear 
time series. If a data series is non-linear, additional analysis techniques 
may be required. 
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2. Enrollment disaggregation analysis : Total enrollment is com- 
posed of a number of constituent elements in addition to academic classi- 
fication. Since some of these elements are important for further planning 
and decision making, an enrollment study should analyze them in terms of 
their relationship to the total enrollment. A framework analysis is given 
in figure 5. 

a. Input : There are four input elements, Lines 1,, 2, 5, 
and 15 which are discussed below. 



Line 1-Total enrollment : The total enrollment for the 
college which is compatible with the figure used in the general enrollment 
analysis should be used. 

Line 2-Discrete element : This is the particular element 
of the total enrollment which the planner wishes to analyze. The exact ele- 
ments to be used will depend upon the local situation and the items which can 
serve a useful purpose for further planning. The following is a list of pos- 
sible elements: 

sex 

resident/non-resident 

major field 

commuter /non-commuter 

rank in high school class 

financial aid recipient 

f ull- 1 ime/par t- time 

credit/non- credit 

religious affiliation 
minority groups 

The routine displayed in figure 5 would be repeated for 
each element selected for analysis. 



Line 5-Time periods : These are used to compute the 
moving averages and will correspond to the extent of the time period being 
analyzed . 

Line 15-Time periods : These are used to compute the 
moving averages and will correspond to the extent of the time period being 
analyzed. 

Line 17-Time periods : These are used to compute the 
moving averages and will correspond to the extent of the time period being 
analyzed . 
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b. Output ; There are three important results of this analysis 
for each discrete element of total enrollment. 



Average ratio ; The last data point in Line 6 gives the 
planner the average ratio of the element to the total enrollment over the 
time frame . 

Average percent change ; The last data point in Line 11 
provides the planner with the average rate of change in the ratio of the ele- 
ment to the total enrollment. 

Trend ; The last data point in Line 16 gives the planner 
the average change in the rate of change of the ratio of the element to the 
total enrollment . 

Thus the planner can say that over the period being 
analyzed, element A averaged .55 of the total. This ratio (.55) was increas- 
ing at an average rate of .003 per year and this rate of change ( .003) was 
decreasing .0003 per period on the average. Notice that these techniques 
of analysis are useful only if the time series is linear or approximately 
linear. Non-linear time series may require additional analysis. 

3. Enrollment projection ; 

a. Input : The enrollment projection model presented in 
figure 6 uses nine input items. These are described below. 

Line l^population pool ; This population grouping will have 
the same parameters as that used in the historic analysis. Since the grouping 
consists of people who already exist, fairly accurate projections can be. 
inserted. These will generally be available from the same source as the 
historic information. * 

With regard to the other eight input variables, the 
trends and change factors developed from the historic analysis cm be used 
for the initial projection unless they are clearly inappropriate. Rarely 
will these result in projections which do not need further adjustment. How- 
ever the development of a baseline gives the planner something with which to 
stimulate and evaluate alternative projections. 

Line 2-propensity factor : Take the last value in Line 3 
of the historic analysis (Figure 4) change it by the percent reflected in the 
last value of Line 9 and insert the calculated values into Line 2 of the 
projections . 

Line 4-share of the market : Take the last value in Line 
11 of the historic analysis, change it by the percent found in the last value 
of Line 16 and insert the resulting values into Line 4 of the projection work- 
shee J . 
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Line T-old fre-shmen ratio : Take the last value of Line 
21 of the historic analysis, and insert it in all values in Line of the pro 
jection. 

Line 11- sophomore ratio ; Take the final value in Lino 
2ij of the historic analysis, change it by the percentage in the last value 
of Line 301 and insert the computed values in Line 11 of the projection. 

Line 14-Junior ratio ; Take the last value in Line 33 
of the historic analysis* change it by the percentage found in the last value 
of Line 38, and insert the results in Line 14 of the projection worksheet. 

Line IT'-senior ratio ; Take the last value in Line 41 
of the historic \ analysis, change it by the percentage found in the final 
value of Line 46, and put the results in Line 17 of the projection worksheet. 

Line 20-special student ratio; Take the final value 
in Line 51 of the historic analysis and insert it throughout the values of 
Line 20 in the projection worksheet. 

Line 23^discrete element ratio ; Take the final value 
of Line 6 of the historic disaggregation analysis and insert it throughout 
Line 23 of the projection worksheet, or take the final value in Line 3 of 
the historic analysis, change it in accord with the analysis, and insert the 
results into Line 23 of the projection worksheet. Each element of the dis- 
•aggregation will have its own ratio developed out of its own historic analy- 
sis . 



b. Output ; The projection model displayed in figure 6 pro- 
duces the following information; 

Size of Market 
New Freshmen 
Old Freshmen 
Total Freshmen 
Sophomores 
\ Juniors 

Seniors 

^ Special Students 

Total Enrollment 

Disaggregation by various elements 



E. Case Study 

The techniques discussed above have been applied to a set of real- 
istic institutional data. This application could have been conducted manually 
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using the ^vorksheets and directions given in Section D. However these same 
tasks can be accomplished in the PLAITTRAN system. 

The advantage in using a mechanical means for these tasks is the 
ease in making modifications. Use of the planning system provides an on-going 
flexibility tc accommodate change into the institution's operation. 

1. Enrollment analysis ; Figure 7 shovs the PLANTRAN system input 
required to conduct the analysis. Figure 8 presents the "Analysis of Planning 
Matrix/' a unique, self -documenting feature of PLANTPAN which displays data 
Input. Figure 9 shows the summary report output. 



2. Disaggregation analysis ; Figure 10 shows the system input. 
Figure 11 presents the "Analysis of Planning Matrix." Figure 12 shows the 
summary report output. This sample analyzes accounting majors as a compo- 
nent of total enrollment. The same technique is used on each discrete element 
to be analyzed. This is accomplished by use of the systems driver, a feature 
of PLANTED which permits iteration of the model with appropriate data changes. 

3. Enrollment projection ; Figure 13 shows the system input. Figure 
14 presents the "Analysis of Planning Matrix." Figure 15 shows the summary 
report output . 
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iccurent filled ru: tc leilrCT the vslue^ u^e:: th:? ^:\;.:y. 

re arrrcrriate fcv every it^-ic:: . Tr.'3 yL^:\:\cv ^hc^l^ ::^.:.*l:y .::\t:* 
2cilecTio:: syeci: ::<=t ic::5 rs-:::er tha:: nr^iiry the d5\t.^ tc ;'it thf do^u:::: 
net ccli62t iats <tt all. the g::eate5t exte:\t yossiVle i::y;:t ^n.: .nzvv::: 

frcr: the rsoiel ehculi :eeer:Vle the cperat ic:;:=I ^at:\ o:* the l:::?t lt;:t* o:; v:th 
vhich the iecieic:: riakers sre raniliar. 

G. Model Adartatlc:: 

lie natter hcv good the ^ata a:;d no n^atter hov soyhietlv^atod and 
precise the rsethodolocy . as planners and decision makers reviev the yrojc^'t-icr; 
results, they vill Vegir to snggest changes. Scnie vill Ire ohai^^ces that ri^- 
fleet a distrust of the projected values; others vill 5i:rr.y "i^e exrre^isions 
of interest in v^- hat vould hayyen if? Ohvibusly Vc^th :^f these ccni-vrn^ ;\vr 
iriportant to the nDdel Guilder. 

He is pfirticularly interested in the second response. The docisaon 
niaker vho vants to iir/estigate a nvjnber of alternatives; just to see ,vhat voinld 
happen is the decision maker vho realizes hov to use si:ni;lation , The ch^irt. 
in Figure 20 graphically represents this plan refinin^^ cycle vhich is the 
hallmark of a successful simulation effort. 

Char^ges in the model can basically he of .tvo t\*ix'^L'r. The structure 
of the model itself can be changed in order to :nore closely npproxiiiuite the 
real situation. - For example, it may turn out that the most realistic) 
enrollaent projection method for specific college is to look at total enroJl- 
ment as a function of the total 13-24 year old cohort, Tnis would necessi- 
tate a basic structural change in the initial inodel -pi'^^-'^nted iu^re . 

The second type of change is the result of the application of in- 
formed Judgment. A projection that reduced enrollment to a negative luunber 
is obviously not reasonable, Tlius the values used to change enrollment will 
be adjusted in light of the judgment of the planner. This tyixi it' input 
to the modeling effort is important and should not be overlooked- 
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III. Induced Course Load Matrix 



A. Relation to Ovor^ll Planning 

After the planner has developed his enrollment projections and 
modified them in accord with the review by key decision makers, he needs to 
further refine his projections in order to make best use of them in calcula- 
ting resource requirements. The typical cost unit in higher education is the 
student credit hour. This is a statistic vhich rebates the student with the 
number of credits he earns. An Induced Course Load Ifetrix (ICLM) is a method 
for translating student enrollment projections into student credit hotir units 
distributed among the academic cose centers. 

Figure 21 presents the function of the ICLM in relation to the 
other major elements of overall planning. While it is possible to go direct- 
ly from student enrollment projections to the development of resource require- 
ments, the ICLM generally permits a more realistic approach to the instruction- 
al load placed on each cost center, typically the academic department, 

B. Theory 

The basic concept behind an ICLM is that a student creates a de- 
mand for educational services outside the department to which he majoring. 
For example, a major in biology takes the majority of his courses in depart- 
ments other than biology. The exact number and location of these nonbiology 
courses depends upon the curriculum of the college and the program of the 
individual student. However, it is possible to assume that there is some 
stability in the distribution of the courses. 

To view the cost of a biology degree program as equal to the cost 
of the biology department is inaccurate. The cost of the biology degree 
program is the cost of the student credit hours that the biology majors take, 
i.e.. those educational services on which they make demands. In fact this 
may turn out to be a rather small portion of the costs of the biology depart- 
ment. It may turn out that the major demand on the services of the biclo.3y 
department come from a pre-medical program, a secondary education maj-r, etc. 

This distinction is more than Just intellectually S'^'tisfying . 
Failure to recognize this dynamic relationship between cost centers can l^ad 
to inaccurate projections of resource req\iirements . An expansion of the 
secondary education program may tempt the planner to focus his attention on 
that department in calculating increased resource needs. He may overlook 
the fact that this expansion will increase the demand for services on other 
departments and that these demands may be significant. His total resource 
requirement projection may be fairly close- to the actual but the departmental 
elements of the total may be distorted. Since budget decisions are made at 
the micro rather than the macro levels projections made without recognizing 
the interrelationships of departments may not be very helpful. 
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An ICLM is a method of accounting for this interdependence among 
departments. An ICLM relates a student to the courses he can be expected to 
take and the departmental location of these courses. Once this is done for 
types of students (typically students by major field) a given enrollment 
projection by academic major can be translated into student credit require- 
ments especially faculty. 

The planner assumes that the pattern of courses taken by the dif- 
ferent majors is more or less stable. While there are changes, they are not 
sudden and unexpected but can themselves be projected. If it happens that 
a planner finds a situation in which there is very little stability, he 
probai)l;/ vill be unarle to make very meaningful projections. 

An ICLM is generally developed out of a historical analysis. In 
« r'ollege with a tightly structured curriculum (high percentage of required 
courses vith few options), it .'^ay be possible to determine adequate coeffi- 
cients a priori , i.e., the average number of student credit hours by majors 
across data. This analysis involves calculating the student credit hours 
produced by each student level in each division. These are f\irther divided 
by level of course offering. Averages are then computed and these become 
the coefficients. 

C. Technique 

1. _Basic structure : The basic structure of an ICLM is that of 
a matrix. A matrix allows us to interrelate two dimensions of a phenomenon. 
In this case, the two dimensions are students and cost centers. The inter- 
relationship takes the form of student credit hours. Figure 22 is an 
example of such a matrix. Across the top of the matrix are students by 
academic classification. The left side represents the departments in which 
students take courses. The intersections contain the number of student 
credit hours taken by that level of student in that particular department. 
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MATRIX OF TOTAL STUDENT CREDIT HOURS 



Humanities 


Freshmen 
G,000 


Sophomores 
,3,200 


Juniors 
1,200 


Seniors 
1,000 


Soc-Lal Science 


2,000 


4,800 


2,400 


2,000 


Natural Science 


4,000 


2,400 


5,000 


2,750 


Education 


0 


aoo 


1,P00 


1,250 


Fine Arts 


3,000 


600 


GOO 


500 


Total 


15,000 


12,000 


9,000 


7,500 


Freshmen = 
Sophomores = 
Juniors = 
Seniors = 
Special = 


500 
400 
300 
250 
50 








Total 


1,500 


Figure 22 
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50 

50 

50 

150 
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300 



Figure 23 takes this basic structure and instead of looking at 
all students and total student credit hours, displays information about 
the typical student and the average student credit hours. While in 
Figure 22 the 500 freshmen too, 2,000 student credit hours in, social 
science, Figure 23 shov/s that the average freshman takes 4 credit hours 
in the social science department. This is a "factor" which can be 
applied to any number of students in order to generate total student 
credit hours. An ICLM is the matrix which displays all these factors 
for whatever level of student and courses we select. 
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MATRIX OF AVERAGE STUDMT CREDIT HOURS ( ANNUAL) 



Humanities 
Social Science 
Natural Science 
Education 
Fine Arts 
Total 



Freshmen Sophomores Juniors Seniors Special 
12 8 4 4 1 



4 

8 
0 
6 
30 



12 
6 
2 
2 

30 

Figure 23 



8 
10 

6 
2 
30 



8 

11 
5 
2 

30 



1 
1 

3 
0 
6 



2. Parameters : 

a. Student level : The planner can specify the degree to 
which he will subdivide students. Typical schemes use the normal academic 
classifications. The following is an example: 

freshmen 

sophomores 

juniors 

seniors and fifth year undergraduate 
graduate: master's level 
graduate: doctorate level 
special 

b. Academic divisions : The planner must also specify the 
cost centers to which he wants to relate Students. The typical choice, 
depending upon the size of the institution, is the academic department. 
These may be aggregated into divisions, colleges, and finally the univer- 
sity totals, again depending upon the size of the institution. 

c. Course level : Within each academic division, the plan- 
ner must decide what course levels he will use. The typical four-fold 
scheme is: 
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lover division 

wpper division 

upper division/graduate 

graduate only 

Other distinctions are possible. 

d. Student .-^leld of study ; Since the courses a student 
takes are usually determined by his academic major, it is generally use- 
ful to look at students Yy their major field. While the first three 
parameters relijte to the dimensions of an ICM^ the implication of the 
fourth is that an ICIM will be required for each type of '^tudent . The 
results of these several ICIM*s are then aggregated for the institution. 

3. Model versus data ; An important question 'is whether the 
analytical model should conform to the program being analyzed or whether 
the program should conform to the model. Although this is similar to 
the chicken and the egg question, the first alternative is the better 
one particularly in the early phases of modeling and planning. The de- 
sign of the model must also take into account the decision-making style 
of the college's administrators, the tradition of decision making, and 
the best estimate of the utilization to be made of the research results. 

The crucial design decision deals with the level of detail or 
aggregation required in the data and thus in the model. There is no one 
correct answer to this question. The level used takes into consideration 
institutional size, stability of student mix, nature of data itself, bud- 
geting system, and resources available for research effort. 

D. Micro-Model 

1, Input ; The Induced Course Load Matrix presented in figure 
24 is used to develop student credit hour demands for students in each major 
field. The complete worksheet will be calculated for accounting, majors. 
Another complete worksheet will be filled in for biology majors) another 
for chemistry majors, and so on until all majors have been accounted for. 

For each major to be analyzed, there are two types of input 

data: 

a . Average student credit hours per student by department ; 
This information can be developed either historically or a priori depend- 
ing upon the local situation. See section III.F. following for a discussion 
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of the source of this type of information. For each department listed on 
the left, there will be five entries corresponding to the five student 
classifications listed across the top. For example, if we are looking 
at history majors, /;e might enter the following on the line we have identi- 
fied as English department: 6 6 3 3 2. That is, a fresh- 
man history ma,1or will take 6 credit hours in the English department. A 
sophomore history major will take 6 credit hours in Eiiglish. A junior 
history major, 3 credits; a L^enior, 3; and a special student 2. 

There will not necessarily be an entry for every depart- 
ment. The total line will carry the total number of credits usually 
carried by a major in the particular field in each year. 

Lines 2 through 21 provide spaces for entering information 
for departments or disciplines. The user should identify each department 
exp.'anding or contracting the worksheet to meet his particular situation. 

b. Enrollment projection ; For each major an enrollment 
projection should be inserted in Line 23. This enrollment projection will 
be for one time period but must contain projections corresponding to the 
student classifications listed at the head of the worksheet. Again using 
the example of history majors, the relevant projection might be 100 fresh- 
man history majors, 95 sophomore history majors, 75 junior history majors, 
70 senior history majors, and 10 special student history majors. Each 
major being considered plus the group undecided on a major will require an 
enrollment projection. 

2. Process; The calculations to be performed are all listed on 
the worksheet. One worksheet needs to.be completed for each major. Thus 

if a college offers 25 academic majors, twenty- five worksheets will be need- 
ed, one for each major. There may be need for one additional worksheet to 
account for those students who are undecided about their major field. Each 
worksheet will deal with the instructional load placed on all departments 
by each major. 

3. Output; The output of these worksheets will be a matrix show- 
ing the total student credit hours demanded by each major in all departments. 
(Lines 25 through 45 in each completed worksheet.) These results are then 
added to determine the total instructional demand on all departments, i.e., 
the total student credit hours (col\Amn "Total") credit hour production for 
each department for the tijne period under consideration. .This becomes input 
to further planning for resource allocation. 
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This series of multi-vorksheet manipulations must be carried out 
for each time period. Each time period requires a nev enrollment projection. 
The coefficients (average credit hours per student) may also chai.^e through 
time but this is not likely to be significant in the ahcrt run. 

E. Case Study 

The techniques discussed above have been applied to a set of data. 
This application could have been conducted manually using the worksheets and 
directions given in Section D. The same tasks, hovever, can be accomplished 
in the PLMTRM system. The computer not only increases the speed and acciJir- 
acy of the calculations but, with the PLMTR/^M system, also permits easy 
modification. 

Figure 25 shows the PLMTRM system input required to conduct t:^e 
analysis. Figure 26 presents the "Analysis of Planning Matrix," a unique, 
self-documenting feature of PLMTR'^ which displays data input, instructions, 
calculations, and results. Figure 27 shows the summary report output. 
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F» Data Collection 



The critical problem vith the use of the ICIM methodology is the 
development of the input data. This can be done in two ways. First, the 
planner can use the results of historical analysis. Second, he can develop 
estimates of the values by using r'.ocumentaxy materials. 

The historical analysis involves the analysis of the courses taken 
by all students over the time periods selected by the planner. In a time 
period (generally an academic year) the planner needs to viev the record 
of each student, clsssify the student by year and major, and then tally the 
credit hours taken by department. The results are then totaled for the 
entire enrollment. The result of this is the total student credit hours 
by department taken by freshman majors in all fields, sophomore majors in 
all fields, and so on. The averages are then computed by dividing the 
total student credits by the number of students generating them. These 
averages become the coefficients used as inputs to the ICLM. 

This type of analysis is generally feasible only if the size of 
the student body is very small or if a computer can be used to analyze the 
data. In either case the effort will involve considerable time before good 
data will be available. To proceed with planning while that effort is under 
way, the planner can make estimates of the coefficients. 

Most colleges have degree requirements. The tighter the curriculum 
is structured (i.e., the fewer the options open to the students) the easier 
it will be to estimate the actuai load of students. For example, if all 
history majors must take 6 hours of English in their freshman year, we can 
enter 6 for the appropriate coefficient. In most curricula there are a 
number of such requirements. Such catalog documentation should be used to 
develop the coefficients where possible. Wnen electives are prescribed or 
where there are simply no requirements, the planner can make estimates using 
his own judgment and his knowledge of the institution. 

After this type of estimate has been completed, the results 
should be reviewed with the principal advisor for each major. His more 
specific information about what student^ actually take or the direction in 
which he and other advisors steer students can be used to modify the values 
entered earlier. These are still estimates but they will' tend to be fairly 
close to reality anl can be used for projections. , 
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The ideal situation is to conduct e historical analysis over the 
past ten / -rs to accurately determine vhat these averages have been# This 
time series can be reviewed to determine change and develop bases for future 
projections. If this type of information is available in a college, it 
should obviously be used. However if it is not available, the planner should 
use the best available data and use his own ^iudgment to determine whether a 
large research project is justified. 

Figure 28 presents a date collection document for the input to 
the model. The data may be generated in cither of che ways discussed above. 
Fi/;ure 29 presents a sample data collection document filled in. 

G. Model Adaptation 

No matter how good the data and no matter how sophisticated and 
precise the statistical methodology, as pj.anners and decision makers review 
the projection results they will suggest changes. These changes will reflect 
recognition of constraints, distrust of projected values, a sense that the 
projections are not reasonable, a curosity to see what would happen if...? 
All of these concerns are important to the planner and modeller- 

The interest in assessing the impact of alternative futures should 
be encouraged by the planner. In the area of the ICLM, the obvious area of 
interest is the implication of changes in ^.he curriculum. What would the 
instructional load be for each department if we required more English of 
some students, less of others, and kept some the same? Once an ICLM has 
been set up and tested, this kind of question can be easily accommodated. 

Changes in the model can be of two basic types. The structure of 
the model itself can be changed to more closely approximate the real situa- 
tion. For example, it may turn out that the planner needs to look at 
student credit hour production by level of course, i.e., lover division, 
upper division, etc. T:iis would necessitate a ba^ic structural change in 
the initial model presented here. 

The second type of change is the result of the application of 
Informed judgment. Running the ICLM which shows the student credit hour 
production of a department rising to a level which decision makers think 
impossible will necessitate some changes in the values of the coefficients 
used. Thus without modifyi'.ng the structure of the model, the values of key 
elements are chan^jed and the results presented to decision makers. 
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rv • Facult Planning 

A» Relation to Oversll Planning 

After the planner has projected the number of students and the 
instructional demand created by these students, he is in a position to pro- 
ject the number of faculty required to deliver these services and their costs. 
This is faculty planning. Ir. simple terms it is the translation of students 
into faculty members and the associated salary costs. 

Figure 30 again presents the position of faculty planning in the 
overall planning effort. This is the most critical decision area but often 
the one in which the administrator or other decision makers have the least 
latitude. Development of the number of faculty required is only half the 
problem. The other is putting a price on these services. In economic terms 
the value of a product or service is determined by the price paid. In the 
case of faculty, the price is the salary paid by the college. This price 
allows us to translate numbers of faculty into dollars, a common unit of 
measurement. 

Since the administrator often has a dollar amount which is the 
maximum amount available for faculty, this planning step usually involves 
the matching of required resources with available resources. If the admini- 
stration believes it should have 100 faculty members to provide the instruc- 
tional services demanded by the projected number of students and if their 
cost will exceed the money available for this purpose, the administration 
will either have to scale down the number of faculty needed, reduce the 
cost of the samt number of faculty, or increase the amount of money avail- 
able for this purpose. What is most likely is that all three alternatives 
will be tried simultaneously. Such compromises result from reviewing the 
consequenc3s of different £:taffing levels and salary scales. Th<^ise are 
compared to the money available. If there is still a gap, new levels are 
specified and the model solved again. This cyc\e of review and analysis 
is graphically display^ed in Figure 50. 

This type of review is central to the budget process and will be 
present in all types of decisions not just those rel ing to faculty. Thi.. 
r^kes clear the necessity of hr.ving a means of rapidly and accur'^tely look- 
ing at a number of different alternatives in'/olving varying lev:ls of several 
variables so that the best possible decision can be made. This, of course, 

the essence and advantage of simulation. A model can help assess the 
financial impact of a number of alternatives bcjfore the resources are com- 
mittee". The planner is able to increase his control of the future by test- 
ing it out beforehand. 
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B. Theory of Faculty Planning 



A co?-lege is a labor intensive enterprise. The biggest single 
expense item is salaries. Of this salary total, the largest single element 
an,^ thus the one which has the largest impact on the total fiscal picture is 
instructional salaries. As a result, the method of determining the number of 
faculty is a highly sensitive variable. What appear to be small changes 
in the student-faculty ratio, for example, will have a significant impact 
on the total salary picture and the surplus-deficit • 

The sensitivity of this variable underscores the importance of 
approaching staffing decisions in an organized, rational fashion. These 
decisions cannot be made in total isolation ftom their fiscal implications. 
If an administrator spends most of his time worrying about non-faculty 
costs and accepts the staffing decisions as given, he is devoting his energies 
to those items which have little impact and ignoring the decisions which 
significantly affect the overall fiscal condition of his institution. 

In non-educational settings, salaries theoretically relate to 
productivity* As an individual produces more, he receives more compensation. 
This has not historically occurred in higher education. Over the last 
twenty years, there has been no significant change in the number of students 
instructed per faculty member. While there have been some qualitative 
changes* they are difficult to document and are not completely accepted even 
in theory. 

At the same time that productivity has remained the same, faculty 
compensation has significantly increased. The resulting educational in- 
flation has increased the cost of operation without reducing the unit cost. 
The solution has generally been to increase the total financing of the 
institution either by increasing charges to students or requesting increased 
funds from external sources or both. 

There are constraints in dealing with faculty planning. The 
most visible is tenure. There are situations in which staff cannot be re- 
duced even though analysis and reason indicate it should be. There are 
other less visible but almost equally strong constraints. The decision- 
making process of a college is not a simple one. Even though analysis and 
study indicate that staffing should be reduced, this cannot be implemented 
simply. Administrators find that the people to be eliminated have a voice 
in that very decision. 

Standards set by exf^rnal agencies are often constraints. These 
include the regional accrediting associations and the more narrow but often 
equally powerful discipline-oriented accrediting organizations. More 
general norms of academic respectability are also iinportant. Of course, 
in the opposite direction, the amount of money available for salaries is 
also a constraint. 
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A theory of faculty planning must take inifo account these three 
factors. First, staffing is the critibal input decision. Second, staffing 
should relate to productivity. Third, faculty planning must take constraints 
into account. , 

Techniques of Faculty Planninsi i * 

Faculty planning is composed of two separate activities. First ' 
the planner needs to determine the number of faculty required to provide 
the educational services demanded by the projected enrollment. Second, 
the planner needs to determine the dollar cost of the staffing developed 
in step one. This section will briefly review some of the techniques for 
accomplishing both of these. 

1# Number of faculty ; The basic technique of determining the 
number of faculty involves the use of "factors" or "ratios." These factors 
are applied to enrollment projections under a variety of constraints to 
produce ^he number of faculty required. The following will discuss a num- 
ber of such ratio methods as well as one non-ratio method. 

a. Student-Faculty ratio : This is probably the best known 
and most widely used factor. For every x number of students there will be 
one faculty member. A student-faculty ratio of 20:1 says that for every 20 
students (FTE) there will be one full-time equivalent faculty member . To 
develop the total number of faculty needed, then, the planner will divide 
the total number of projected FTE students by 20. The result will be the 
number of faculty required under a 20:1 student-faculty ratio. This tech- 
nique can be applied to total enrollment as well as smaller units, such as 
the department. To develop FTE students for a department, divide the total 
student c^ sdit hours produced by the normal full-time load. The institu- 
tional totyl would then be an aggregate of all departmental totals. 

I 

b. Teaching load and class size ; This ratio method allows 
the planr#T to introduce additional variables which are really components 
of the stv>d.ent-f acuity ratio. The formula used here is 

SCH 
" CS X TL 
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I 

where t = number of faculty 

* SCH = student credit hours 
CS = class size ^ 
TL = teaching load 

Student credit hours is a measure of the number of students and the, amount 
of educational service they require. Class size and teaching load are 
constraints on the number of faculty needed to provide the services re- 
q-ulred. For example, if a college projected a total instructional demand 
of 54,000 student credit hours, wished to maintain an average teaching load 
of 18 (two semesters), it would require 100 FTS faculty. The result is as 
follows : 

Y ^ 54000 ^ 54000 = ^qO 

30 X 18 540 

This is equivalent to a student-faculty ratio of 22.5 assuming a full-time 
student carries 24 credits per year. 

c. Student credit hours : The student credit hour ratio is 
really equivalent to the student-faculty ratio. Instead of viewing stu- 
dents in full-time equivalents, this method views them in terms of student 
credit hours. A ratio of student credit hours per FTE faculty member is 
used to develop the number of faculty required. The advantage of this 
method over the student-faculty ratio is that often the student credit, 
hour statistic is available while the FTE students may not be. This is 
often true for departmental and sabunit analysis . 

d. Student contact hours : (SConH) This method is a further 
elaboration of the student credit hour ratio. Instead of SCH it uses stu- 
dent contact hours. A student contact hour is produced when one student 
has contact with a faculty member tor one hour per week. For example, a 
class that meets three hours per week and enrolls 50 students will produce 
150 student contact hours . The supporters of this approach claim that con- 
tact hours is a "fairer^' measure of faculty effort because it more directly 
measures the delivery of educational services than does a student credit . 
hour. 
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There are some disciplines where there is a significant difference 
between the two. These will be departments with laboratories and other 
types of activities where a credit hour is equal to more than one ^contact 
hour. This method requires a ratio of student contact hours to faculty. 
The total number 'of projected student contact hours is then divided by the 
ratio to produie the number of faculty. f 

e. Prog:ram : This is a non-ratio technique in which the 
number of faculty is not directly related to the number of students or 

the educational services provided but rather to the demands of the academic 
program. This method is often used in the smaller college. 

The argument runs thus. "We have decided to offer a major 
in chemistry. In order to offer a good major in chemistry, we need four 
faculty members: one in organic chemistry, one in inorganic, one in analyt- 
ical, and one in physical chemistry. These four are needed regardless of 
the number of students enrolled in the department. Whether there is one 
major or 15 makes no difference because the type of educational experience 
required for one iG the same as for the 15." Above certain enrollment levels, 
there may be some relationship between the number of students and the num- 
ber of faculty. 

f. Combination : This is a combination of the ratio and 
programmatic methods. Some of a department members needed simply to supply 
the educational services for one student required. The remaining are 
needed to supply the same services to additional students. The first group 
of faculty is equivalent' to fixed operating expenses and the other to the 
variable operating costs. The first is not affected by the number of stu- 
dents while the second is. 

This combination method is lalso used to take constraints, 
such as tenure, into account. There are some faculty member,s who simply 
cannot be released. The number of faculty needed is figured by the ratio 
method does not come into the decision area of an administrator until it 
exceeds that fixed n\miber of faculty. At that point he has the option of 
adding faculty or maintaining the fixed n\imber. The number of faculty can 
be calculated by a ratio' or other method. 

g. Composition by rank ; Since college faculty are arranged 
by ranks, it is possible to determine the number of faculty by ranks: in- 
structor, assistant professor, associate professor, and professor. In large 
institutions with sizable graduate programs, graduate assistants may also 

be included in the distribution. Since salary scales are usually determined 
by faculty ranks, changing compositions of rank can have an impact on the 
total amount of salary required. 
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While composition plans can be applied to departments and 
subunits, they usually are applied to the total faculty, A typical set of 
parameters is: professors will not exceed 40 percent of the total faculty; 
associate professors not less than 10 percent; assistant professors not more 
than 35 percent. In this case instructors will be the fall-out item deter- 
mined by *bhe three parameters. This type of plan can be used with any of 
the methods described above. 



2. Faculty salary : Once the number of faculty has been deter- 
mined, the planner needs to develop the associated dollar cost. The fol- 
lowing section will review four techniques for this. 

a. Average salary : This is probably the most widely used 
technique for computing faculty cost. It uses the following formula: 
total salaries = average salary x number of faculty. This straightforward 
technique can be used at any level of disaggregation as long as an average 
salary and the number of faculty involved can be specified. For example, 
this analysis can be applied on a departmental basis if there are projec- 
tions of faculty by department and of average faculty salary by department. 

If the cost projections are to be by ranks, this technique 
can be used as long as the number of faculty by ranks and an average faculty 
salary by ranks are projected. Historical data for this approach are 
usually easily available because the American Association of .University 
Professors use this analytical framework. 

This approach allows the planner to change the average salary 
in accord with internal and external financial constraints. This change 
is usually specified in percentage terms. 

b. Base salary ; This technique allows the planner to ad- 
just two variables related to "salary paid to the projected number of facul- 
ty: the base salary and the percentage of the base to be paid. For example, 
an institution may set a base salary of $14^000. This base will be increas- 
ing at 4 percent per year. Further, the faculty of the biology department 
are earning salaries which are 60 percent, 80 percent, and 81 percent of 
the base respectively. In the future the first will stay at 60 percent 
of base, the second will increase 0.5 per year, and the third will increase 
1 per year. Since both the base and the percent of base can L)e changed^ 
the actual salaries can be the result of choosing between a number of al- 
ternative futures examined. 
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This method can also be applied at any level--college, 
division, department--as long as the number of faculty can be projected 
(and the perceht of base at which they will be paid). This method can be 
combined with the average salary method by relating the average salary to 
a base so that both the base and the percent of the base appropriate to 
the average can change . 

c. Merit and cost of living increases ; This method 
distinguishes between those changes in salary which e.re required to main- 
tain the real dollar value of salary and those which are used to reflect 
the quality of job performance. The first type of change simply reflects 
changes in the cost of living so that next year's saLiry will have the same 
buying power as this year's. The merit increases are in addition to these 
and reflect promotions, extra effort, increased efficiency, heightened 
effectiveness, etc. These changes tend to be made on an individual basis 
while the former are made across the board. 

The bases for merit changes in salary range from rather 
subjective and off-hand evaluations to fairly rigid calculations of 
productivity. 

' D. Micro-Model . ■ 

1. Faculty analysis : Figure 31 presents the worksheets for 
conducting an analysis of faculty staffing patterns. By inserting the 
i: data items and performing the indicated calculations, a planner will 
hav'. an analysis of historic faculty staffing arrangements. They will put 
hijn In a better position to select methoda of projecting future faculty 
needs. 

a- Input : The input elements are Lines 1, 2, 4, 7, 12, 
15. 16, 20, and 25. A description of these data elements and their 
probable sources follows: 

Line 1: Student credit hours : They are a measure of 
instructional activity calculated by multiplyii^g the number of students in 
a course by the credits assigned to that course and totaling the courses. 
They will be available from the Registrar's Office. 

Line 2: Full-time equivalent (FTE) faculty : This item 
consists of full-time plus part-time faculty expressed in equivalent terms. 
The traditional method for computing the full-time equivalents of part-time 
faculty is to divide the teaching load of a part-time faculty member by the 
"individual" full-time load. For example, a faculty member teaching 6 credit 
hours at an institution where the normal full-time load is 12 credits is 
described at 0.5 FTE faculty member. This information will usually be avail- 
able from the Registrar or the Academic Dean. 
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Line 4: Time periods : These are used to compute the 
moving averages and vill correspond to the extent of the time period being 
analyzed. 

Line 7; Average credits per fiUl-time student : This 
statistic is used to convert student credit hours into PTE students. It 
is the average number of credits taken by full--time students. It vill be 
available from the Registrar's Office. 

Line 12: Faculty teaching load : This is the average 
number of credits taught by full-^:ime faculty members. Most colleges have 
a published policy on teacVdng load. In some institutions this published 
standard is larger than the actual average teaching load. The actual 
rather than the published standard should be used. This information should 
be available either- from the Registrar or the Academic Dean's Office. 

Line 15: Registrations ? 'This item consists of the total 
duplicated number of students enrolled in courses. For example, if a de- 
partment offered four courses, the registrations vould be equal to the 
total number of students enrolled in the four courses. This information 
is obtained from the Registrar. ^ 

Line 16; Number of sections ; This is the total number 
of credit sections. It should not be confused vith courses. A course 
which is offered in four sections will be counted as four. This infor- 
mation is available from the Registrar. 

Line 20: Student contact hours ; They are a measure of 
the number of hours per week a student has scheduled contact with & 
faculty member. A course which enrolls 40 students and which is scheduled 
to meet four clock hours per week will produce 160 student contact hours. 
Notice that this is different from student credit hours which depend upon 
the number of credits carried b^/ .the course. 

Line 25: Total salaries : This item consists of the 
total amount paid to the academic staff at the level of the department being 
analyzed. This information will usually be available from the business 
office. 

Line 51: Tljne periods : These are used to compute the 
moving averages and will correspond to the extent of the time period being 
analyzed. 
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b. Put put ; The output of this faculty analysis will provide 
the planner vith information on the following items in Figure 31. 



Hitio of student credit hours to FTE faculty ; Line 3 
displays this ratio for each of the periods under analysis. Line 6 provides 
a ri.nning average of tliis item through time. The final entry in Line 6 
is the 'average ratio over aU the time, periods . 

Full-time equivalent students ; Line 8 provides the 
niimber of full time equivalent students receiving instruction in the unit 
under consideration. 

Student-faculty ratio ; Line 9 displays the student- 
faculty ratio for each period i The average ratio for all the time periods 
is the last entry in Line 11. 

Average faculty teaching load; The final value in-line 
14 is the "average teaching load over all the time periods. 

Average section size : Line 17 displays the calculated 
average section size for each time period. The final value in Line 19 is 
the mean average section size for all time periods. 

Ratio of student contact hours to student credit hours ; 
Line 21 presents this ratio for each time period, and Line 23 presents the 
running average ratio. This is useful in estimating the student contact 
hours given the student credit hours. 

Ratjo of student contact hours to FTE faculty : Line 24 
presents this ratio for each time period. 

Average facult y salary: Line 26 displays the average 
faculty salary for each time period. Line 28 represents the annual per- 
centage change in the average salary and Line 30 presents the running 
average of that percentage change. 
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2. Faculty planning projection : Figure 32 presents a framework 
for projecting the numlDer and cost of faculty. There are five input items. 



a. Input : 

Student credit hours : This item comes from the enroll- 
ment projection and the induced course load matrix analysis . It can also 
be projected independently especially if a planner wants to investigate 
the impact of various levrls of instructional activity. 

Average credits per full-time student : This item comes 
from the analysis illuctrated in figure 31* Again the planner can use the 
factors developed in that analysis or change the average to assess the impacts 
of changes . . ^ 

Student "faculty ratio: The planner inserts the student- 
faculty ratio and his estimates of its future "behavior. Typically the first 
estimates will be based on the analysis of historic information. 

FTE faculty-base : This is the minimum number of faculty 
required for this department. Tliis requirement may relate to programmatic 
issues, tenure ; or other constraints. 

Average faculty salary : On the basis of historic 
analysis and policy constraints^ the planner enters this variable across 
the planning horizon. 

b. Output: There are four major results of the analysis 
suggested in Figure 32. . 

FTE students: This calculation translates the student 
credit hour load in the department into FTE students. 

FTE ^f acuity-calculated: This is the number of faculty 
developed from applying the student- faculty ratio to the FTE students in 
the department. 

FTE faculty- actual : This is the maximum of the calculated 
FTE faculty and the base faculty. 
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Faculty salaries ; This is the dollar cost developed by 
applying the average faculty salary to the actual number of FTE Faculty. 

By repeating this projection procedure for each depart- 
ment in the college and then adding the results of Line 7 (FTE Actual) and 
bine 9 (Faculty Salaries) the planner will develop the number of faculty 
and their cost for the entii^e institution. Using appropriate subtotals, 
he may also show the totals for intermediate subdivisions of the institution. 

E. Case Study 

The techniques just discussed have been applied to a set of data. 
This application could have been done manually using the 'worksheets and 
directions given in Section D. The same analysis and projection/ however, 
can be accomplished in the PIANTRAN system. The computer not only increases 
the speed and accuracy of the calculations but, with the PIANTRAN system, 
also permits easy moficiation of structure and assumptions. 

1. Faculty planning; analysis ; Figure 33 shows the PIANTRAN 
system input required to conduct the analysis. Figure 34 presents the 
"Analysis of Planning ^fetrix." Figure 35 shows the summary report output. 

2. Faculty planning projection : Figure 36 shovrs the system in- 
put required to conduct the projection described in Section D. Figure 37 
presents the "Analysis of Planning Matrix." Figure 38 shows the summary 
report output. 

While the example deals with only one department, the basic frame- 
work can be applied to all departments and the results aggregated for 
institutional totals. 
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F. Data Collection 



Figure 39 is a copy of a data collection document for the histor- 
ic analysis of faculty staffing patterns. Figure 40 is a sample of a com- 
pleted data collection document which conforms to the data used in the case 
study. The planner should review section IV. D. 1 carefully before completing 
the document. 

No single data collection document, Just as no single model? will 
be appropriate for every institution. Planners should modify the data col- 
lection specifications rather than modify the data to fit the document or not 
collect data at all. To the greatest extent possible input and output from 
the model should resemble the operational data of the institution with which 
the decision makers are familiar. 

G. Model Adaptation 

No matter how good the data and no matter how sophisticated and 
precise the statistical methodology, as planners and decision makers re- 
view the projected results they will suggest changes. Some will be changes 
that reflect a distrust of the projected values; others will constitute in- 
puts of experience and Judgment which were not included earlier; stij..l others 
will simply be expressions of interest in what would happen if....? All of 
these concerns are important to the model builder. 

He should be particularly interested in the third type of response- 
The decision maker who wants to investigate a number of alternatives--Just 
to see what would happen--knows how to use a simulation technique. The chart 
in Figure 41 graphically represents this plan refining cycle which is the 
hallmark of a successful simulation effort. 

Changes in the model- can be of two types. The structure of the 
model itself can be changed in order to more closely approximate the real 
world situation. For example it may turn out that the student- faculty ratio 
is Just not a good way to project facixlty needs. In that case the structure 
of the model needs to be changed . 

The second type of change is the result ^of the application of 
informed Judgment. Projections which seem unrealistic to the decision 
makers will often need to be adjusted so that they more realistically re- 
flect the actual or implied policy constraints . 
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